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(57) Abstract 

A compound of formula (I) or, if appropriate, a phannaceutically acceptable salt thereof; or a pharmaceutically acceptable 
solvate thereof, wherein R 1 and R* each independently represent a moiety of formula (a): -(CHJm-A, wherein m represents 
zero or an integer 1, 2 or 3 and A represents a substituted or unsubstituted cyclic hydrocarbon radical; R* represents N0 2 , a 
halogen atom, a hydroxy group, an alkoxy group or a methyl group substituted with 1 or 2 groups of formula C0 2 R, wher- 
ein R in each group is independently hydrogen or alkyi or a group of formula O-I^A 1 wherein L is a bond or a linking 
group and A> is a saturated or unsaturated heterocyclic group, or R* represents a group of formula NR*Rt, wherein Rs and 
R* each independently represent hydrogen, alky!, aralkyl, an unsaturated heterocyclic group or R* and R* together with the 
nitrogen to which they are attached form an unsaturated heterocyclic group; and R 4 represents an alkyi, aralkyl or an (un- 
saturated heterocydyl)alkyl group; a process for preparing such a compound, a pharmaceutical composition containing 
such a compound and the use of such a compound or composition in medicine. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international 
applications under the PCT. . 



AT 


Ausuia 


. ES 


. Spain 


MG 


Madagascar 


AU 


Australia - ' ■' '■' 


Vpt^' 


" : Finland - ! w"^ "* 


.'ML 


» Mao: *. 


BB 


Barbados 


FB . 


France 


MN 


Mongolia 


BE 


Belgium 


■ r '''-CA ; ' 


-Gabon- * 


. ..«:' Mk .\ 


■ Mauritania 


BP 


Burkina Faso 


Cfi 


United Kingdom 


MW 


Malawi 


BC 


Bulgaria 




'Guinea ■ • : ■•'.«; 


'•.'.•'..■NL-r 1 


. Netherlands 


BJ 


Benin 


est . 


Greece . 


NO 


Norway 


BB 


Brazil ' \! 


: ' -HI* 


- ' r Hangary-' : ■ ■ - .. 


. "PL: 


Poland 


CA 


Canada j m 


IT . 


/Italy . 

^ "japan" U • '« ", .•* ./ ' 


RO 


Romania 


CP 


Central African Republic' 




. : SD : 


Sudan 


cc 


Congo : s . 


KP . 


Democratic People's Republic 
of Korea 


SE 


Sweden 


CH 


Switzerland - 


i .* * * 


- SN 


Senegal 


a 


Cole d'ivolrc 


KB 


Republic of Korea 


su + 


Soviet Union 


CM 


Cameroon 


U 


Liechtenstein 


TD 


Chad 


cs 


Orrhmlnvakia 


UC 


Sri Lanka 


TG 


Togo 


OE* 


Germany 


LU 


Luxembourg 


US 


United Slates of America 


DK 


Denmark 


MC 


Monaco 







+ Any designation of "SU" has effect in the Russian Federation. It is not yet known whether 
any such designation has effect in other States of the former Soviet Union. 



WO 92/05175 



PCT/GB91/01633 



-1- 

Xanthine derivatives. 

The present invention relates to certain novel compounds having 
pharmacological activity, to a process for the preparation of such 
5 compounds, to pharmaceutical compositions containing such compounds 
and to the use of such compounds and compositions in medicine. 

Molecular Pharmacology, Volume 6, No. 6, 1970, p.597-603 discloses 
l,3-dimethyl-8-nitro-xanthine. This compound is disclosed as having 
10 lipolytic activity. Ann. Chim. 47, 362-365 (1957) discloses 1,3- 

dimethyl-8-amino-xanthine arid a process by which it may be prepared. 
No pharmacological utility is disclosed for this compound. Drug Res. 27(1) 
Nr 19, 1977, pages 4-14, Van KE Klingler discloses certain 1,3-dimethyl- 
8-substituted xanthines as intermediates solely in the synthesis of 

15 phenylethyl aminoalkyl xanthines. Drug Res. 31 (11), Nr. 12, 1981, R.G. 
Werner et al* pages 2044-2048 discloses certain l,3-dimethyi-8-substituted 
xanthines. No pharmacological activity is disclosed for these compounds. 
European Patent Application, Publication Number 0369744 also discloses 
certain 1,3- or 1,3,7- 8-H cycloalkylalkylene xanthines, for use inter alia 

20 as bronchodilators in the treatment of asthma. European Patent 
Application, Publication Number 0389282 also discloses certain 
8-substituted 1,3- dicydoalkylalkylene xanthines, for use inter alia in the 
treatment or prophylaxis of disorders associated with increased numbers 
of eosinophils. 

25 : / ■ : .... 

It has now surprisingly been discovered that a novel series of substituted 
^thines, some of which are geflerically but not specifically disclosed in 
EP 038&282, are indicated to be^krticularly effective as inhibitors of 
induced blood eosinophilia and that tjt£by are therefore potentially of 
30 particular use in the treatment^d/oi^prophylaxis of disorders associated 
with increased numbers of eosinophils-; such as asthma, and allergic 
disorders associated with atopy, such as urticaria, eczema and rhinitis. 

In addition these compounds show activity as phosphodiesterase 
35 inhibitors: 

These compounds are indicated to have brOnchodilator activity and thus to 
be of potential use in the treatment.of disorders of the respiratory trac t, 
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, such as reversible airways obstruction and asthma. 

These compounds have a. protective effect against>the consequences of 
cerebral metabolic inhibition. The said compounds improve data 
acquisition or retrieval following transient forebrain ischaemia and are 
; therefore useful' in the treatment of cerebral vascular and neuronal 
degenerative disorders associated with learning, memory and cognitive 
dysfunctions including cerebral senility, multi-infarct dementia, senile 
dementia of the Alzheimer type^ age associated memory impairment and 
certain disorders associated with Parkinson's disease. 

These compounds are also indicated to have neuroprotectant activity. 
They are therefore useful in the prophylaxis of disorders associated with 
neuronal degeneration resulting from ischaemic events,, including cerebral 
15 : ischaemia due to^cardiac arrest, stroke and also 'after cerebral ischaemic 
events such as those resulting from surgery and/or during childbirth. In 
addition treatment with these compounds is indicated to be of benefit for 
the treatment of functional disorders resulting from disturbed brain 
function. follcwingisG^e^av : r • .m • v "/ r 

20 ■ . • . \ , ; 

t These compounds) are also active in increasing, the oxygen tension in 

, ischaemic skeletal muscle. This property results man increase in the 
nutritional blood flo^r through ischaemic skeletal muscle which in turn 
indicates that the compounds of the invention are of potential use as 
: 25 agents for the treatment of peripheral vascular disease: sxich as 
intermittent , daudicaticn*- - 5 : c : ^ *• , 

These compounds a^ej^p.pfpote^^ 

skin disease in human or non-human mammals. 

In addition these compounds may also have potential as inhibitors of the 
production of tumour necrosis factor (TNF) and hence have potential for 
the treatment of human immunodeficiency virus (HIV), acute immun e 
deficiency syndrome (AIDS), rheumatoid arthritis, rheumatoid 
35 spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions; 
sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic shock 
syndrome, adult respiratory distress syndrome, cerebral inalaria, 
pulmonary inflammatory disease, bone resorption diseases, reperfusion 
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injury, graft vs. host reaction, fever and myalgias due to infection, such as 
influenza, cachexia secondary to infection or malignancy, cachexia 
• \i secondary to AIDS, keloid formation, scar tissue formation, Crohn's 
disease, ulcerative colitis, or pyresis. 

*5 - 5 *. . ; . «-..-. ;■ : . r-..< 

Accordingly, the invention also provides a compound of formula (I): 




or if appropriate a pharmaceutieally acceptable salt thereof, wherein R 1 
15 and R? each independently represent ^ moiety of formula (a): 

; <CH2)nrA' S • (a) 

wherein m represents zero or azk iflt&ifg* -T 4 2 drM3 and A represents a 
20 substituted or unsubstituted cyclic hydrocarbon radical; 

R3 represents NOjj, ; a halogen atoin,^ hydroxy gr6iip,an alkoxy group or a 
methyl group substituted with 1 or 3* groups of formula CO2R wherein R 
in each group is independently faydit)gen or alkyl ' or a- group of formula 
O-L-A* wherein L is a bond or a linking groiip arid A* is' a saturated or 
25 unsaturated heterocyclic group; or R^ represents & grtiup of formula 

NRSR* wherein R s and R* each independently represent hydrogen, alkyl, 
aralkyl, an unsaturated heterocyclic group or R s and R fc together with the 
: nitrogen to which^they are attached' forifi &ri ; unsaturated heterocyclic 
groupjand ' - T ± : - " 

30 R 4 represents an alkyl, aralkyl or an (unsaturated heterocyclyDalkyl 
group. ' "■ ^ r vi#j M - ?\.;?>i 

> Suitably, A represents it substituted or unsubstituted alicyclic 
hydrocarbon radical. * 

35 • 

Suitably, A is unsubstituted. Favourably, A represents a substituted or 
unsubstituted C3.8 cycloalkyl group, especially a C3.S cycloalkyl group. 
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•In particular, A represents a substituted or, preferably, unsubstituted 
cydopropyi, <ydobutyl, cyclopentyl or cyclohexyl group. ^ 

Favourably, A represents; a cydopropyl groyp or a cydpbutyl group. 

Particular aralkyl groups are benzyl and naphthylmethyl groups. 

Particular substituents for the aryl moi ety of any aralkyl group include 
r NO2 andalkoxy, especially NO2 and methoxy. 

When R s and/or R fc represents aralkyl, examples include benzyl arid 
nitrobenzyl, especially 2-nitrobenzyl. - t s 

When R 4 represents aralkyl examples include methqxybenzyl, such as 
15 4-methoxyben55yl; tr^ethoxybenzyl, such as 3,4,5-trimetJioxybenzyl; 
nitrobenzyl, such as 2- or 4-nitrobenzyl; and naphthylmethyl. 

Wheii L ^present? , £ bond , ;the saturated or unsaturated heterocydic 
group represented by A* is attached by a.img carbon atom to the O atom 
20 of the group Q T L-Al. ^ 

. : When L rep^ents^a bond, preferred carbon linked heterocyclic groups 

represented by A* are single riijg heterocyclic groups haying 6 ring atoms, 
which ring atoms comprise 1 or 2, especially 1, heteroatoms, selected from 
i7 25 O or N* preferably N; particular examples include p^peridinyl groups. 

When L r^preseuts a linkin^group, a suitable linking group is a 
C^-g alkylene chain, optionally interrupted by an oxygen atom. 

30 An Example of a$jtog group L is <CH2)2-0-(CH2)2-. 

When L represents a linking group, suitable heterocyclic groups 
represented by A^/^re single ring heterocyclic groups having 5- or 6- ring 
atoms which ring atoms comprise 1 or 2, especially 1, heteroatoms selected 
35 from O or N, preferably N; particular examples include piperazinyl 
groups, especially N-piperazinyl groups. 

Particular substituents for the heterocyclic groups represented by A* 
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include aralkyl, especially benzyl, and alkyl carbonyl wherein the alkyl 
group may be substituted or unsiibstitiited, a particular substituent for 
the said alkyl group being a carboxy group or an alkyl ester thereof. 
Examples of substituents for the heterocyclic group represented by A 1 are 
5 benzyl and -CO(CH2>2C02H or an ester thereof 

When either R s or R* represent an unsaturated heterocyclic group, 
particular groups are single ring, 6-membered heterocyclic groups which 
ring atoms comprise 1 or 2, preferably I; heteroatoms selected from O or 
10 N, preferably Njsuitable examples are heteroaryl groups such as pyridyL 

When R s and R* together with the mtrdgeh'atom to which they are 
attached form an unsaturated heterocyclic group, suitable heterocyclic 
■ . i """ groups are single ring, 5- or 6- limbered heter bcyclie groups optionally 
15 comprising 1 or 2, preferably 1, additional heteroatoms in the ring; 
particular examples include imidazolyl groups. " 

0 ' 'When R 4 represents an (unsaturated heterocyclyDalkyl group, suitable 

examples are heteroaryl^kyi grbujpS suck ja^ hfetferbarylmethyl groups, the 
20 unsaturated heterocyclyl group suitably being a single ring, 6-membered 
heterocyclyl group which ring atoms comprise 1 or 2, preferably 1, 
heteroatoms selected from O or N; preferably N; particular examples 
includfe pyridylmethyl groups. 

25 Suitably, R 3 represents nitro, a halogen atom, an alkoxy group, such as 
an ethoxy group, or a group NR S R* wherein R s and R* each 
We^ehdently represent hj^rdgen <k fclfcyi; especially hydrogen. 

When R 3 represents R s Rt\ in one particular aspect R s represents 
30 hydrogen and R* represents alkyl, iarEfl^lor kn tmsubstituted heterocyclic 
group. 

When R 4 is alkyl suitable examples include Ci 4 alkyl such as methyl. 
35 Preferably, A represents a cydopropyl group. 
Preferably R 3 represents NH2. 
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Suitably R 4 represents an alkyl or aralkyl group. Preferably 
represents an aralkyl group, especially a benzyl group. Favourably, m 
represents L -.<- z -. - . f* 4 .* . - :i ' 

5 Suitable phannaceutically acceptable solvates are those used 
conventionally such ais hydrates, ... / ^ : . v 

. Suitable phannaceutically acceptable salts are ph^inaceutically 

acceptable base salts and phannaceutically acceptable acid addition salts. 
10 Suitable phaimacauidcaliy acceptable base salts of the compounds of 
formula CD include base salts indudingmetal salts, such as alkali metal 
salts for ..example sodium salts, cr organic amine salts such as that 
provided with ethylenediamine. J \ 

15 Suitable arid addition 3alts of tbfc compounds pf formiila (I) are the acid 
addition salts including phannaceutically acceptable inorganic salts such 
as the sulphate, nitrate, phosphate * borate, hydrochloride and 
hydrobromide and phannaceutically acceptable organic acid addition salts 
such as acetate; ;foz&ate-, maleate, citrate, succinate, benzoate, ascorbate, 
20 methanesulphonate, a-keto glutarate, a-glycerpphpsphate ; ^ and glucose- 1- 
** si phosphate. Preferably the acid addition salt is a hydrochloride salt. 

The pharmaceutical acceptable salts and/or solvates of the compounds of 
formula (I) are prepared using conventional procedures. 

c- u When used herein the term 'cyclic hydrocarbon radical* includes single 
ring and fused ring> alicy clic hydrocarbons comprising up to 8 carbon 
atoms in each ring, suitably up to 6 carbon atoms, for example 3, 4, 5 or 6 
carbon atoms. 

Suitable optional, substituents for any cyclic hydrocarbon radical includes 
a Cj_6 alkyl group or a halogen atom. 

When used herein the term 'alkyl' (whether used alone or when used as 
35 part of another group for example as in an alkylcarbonyl group) includes 
straight and branched chain alkyl groups, containing from 1 to 12 carbon 
atoms, suitably 1 to 6 carbon atoms, for example methyl^ethyl, propyl or 
butyl. Optional substituents for alkyl groups include those mentioned 
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7 herein fot aryl groups. 

When used herein the term 'aiyl' (whether used alone or when used as 
part of other groups for example as in an aralkyl group) includes phenyl 
5 and naphthyl optionally substituted with up to five, preferably up to 
three, groups selected from halogen, alkyl,, phenyl, alkoxy, halo alky!, 
hydroxy, amino, nitro, carboxy, alkoxycarbonyl, 
alko^yciarbonylall^l,alkyl(aibonyloxy,; or; alkylcarbonyl groups. 

10 The tenn 'heterecydic' or 'heterocydyl 1 when msed herein refers to groups 
comprising singteor fosed rings tohicb rihgs.each comprise 4 to 7, suitably 
5 or 6 ring atoros, which ring atdms comprise up to 4:hetero atoms selected 
from O, Nor S. :S •» >.i • 

is Optiorial substituents for any 1^™^^' or 'heteroayclyl* group include 
• ; alkyl* alkoxy, halo, ^atboxy or an alkyl ester thereof, aralkyl or alkyl 
carbohyl wherein the" alkyl group iaay be substituted or unsubstituted. 
. ■ bun <- \; , ■ ;■ 'r^ft^-- ^uviSi^xr:^^^ 

Whehiised herein the eipreSsibn 'prcfHfezaftiye skin diseases' means 
" 20 benign arid maligriant perforative Skin diseases which are characterized 
by accelerated vSeM division in the epideimisi dermis or appendages 
thereto, associated with incomplete tissue differentiation. Such diseases 
iricltxde: psSriasis, atopic dermatitiSifnoh-3pecific dermatitis, primary 
irritant contact dermatitis, Allergic contact dermatitis, basal and 
25 squamous cell carcinomas of the skin, lamellar ichthyosis, epidermolytic 
hyperkeratosis', pre^ 

keratosis? atme/ arid seborrheic derifiatStfe iii humans and atopic 
' dermatitis imdmimg#ih do^^^ - 

30 The compounds of formula (I) are preferably in pharmaceutical^ 

acceptable' form. By phantf^cfetiticaliy ftc<t^tablei<fbiTn is meant, inter 
alia, of a phannaceutically acceptable fevel of purity excluding normal 
pharmaceutical additives such as diluents and carriers, and including no 
material considered toxic at normal do sage levels. A pharmaceutically 
35 ' acceptable level of purity will generally be at least 50% excluding normal 
pharmaceutical additives, preferably 75%, more preferably 90% and still 
more preferably 95%. ' 
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The invention further provides a process for the preparation of a 
compound of formula (D, which process comprises reacting a compound of 
. formula (n): : : v 



5 




10 .... t 3 - ; . 

wherein R la represents R 1 , as defined in relation to formula (I), or a 
group convertible to Rl and R2a ir epresents R2, as defined in relation to 
formula (D, or a group convertible thereto and R3a represents R 3 as 
defined in relation to formula (I), or a group convertible thereto, with a 

15 compound of formula QII): 

R^L 1 , ,"; OH) 

wherein R 4 is as defined in relation to formula (D and L 1 represents a 
20 leaving group; and thereafter, if required carrying out one or more of the 
following optional steps: 

(i) converting any group R la to R 1 and/pr R 2a to R? and/or R 3a to R 3 ; 

v , 25 (ii) <»ny?iim5acQmpoim 

; Yornrala-.CI);:-...^ -y.-^* :.; ^;,< ... /, \ - 

(iii) converting a compound of formula Q) into a pharmaceutically 
acceptable salt, thereof, tA , ...... 

30 

A suitable leavutg groiap is a halo atom; for example a bromine or 
chlorine atom. ^ 

The reaction between compounds of formulae OD and (HI) may be carried 
35 put using conventional alkylation conditions, for. example in an aprotic 
solvent, such as dimethylformamide, tetrahydrofuran or 
dimethylsulphoxide, at any temperature providing a suitable rate of 
formation of the required.product, for example in the range of from 0°C to 
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100°C, conveniently at ambient temperature. *' " 

Preferably, in the reaction between compounds (II) and (HI), the 
compound of formula (II) is in an activated form, suitably in an anionic 
5 form such as a salted form, for example ah alkali metal salted form. 

The activated form of the compound of formula (II) is conveniently 
prepared by treating a compound of formula (ID with a base, suitably an 
alkali metal alkoxide, for example potassium t-butoxide, or an alkali 
10 metal hydride, for example sodium hydride. 

; V\ Jr : • 

A compound of formula (II) may be prepared by reacting a compound of 
fonnula(IV): • ' - - * ■. : 




' ' 20 • ' ? 



wherein R la represents R 1 , as defiiied in relation to formula (I), or a 
group convertible to R* and R^ represents R^ f as defined in relation to 
formula (I), or a group convertible thereto; with a reagent capable of 
substituting the C-8 hydrogen of the compound of formula (IV) with a 
25 group R3b wherein R 3b represents K 3a , as defined above in relation to 
formula (II), or a group convertible thereto; and thereafter, if required 
carrying out one or more of the following optional steps: 

(i) converting any group R* 3 to R 1 and/or R^a to R2; 

30 

(ii) when R 3b is not R 3a ; c*nvei^g-R 35i 'to^3 a . 

For compounds of formula (II) wherein R 3a represents nitro, R 3b 
preferably represents R 3a i.e. nitro. 

35 For compounds of formula (II) wherein R 3a represents other than nitro, 
R 3b preferably represents a group convertible to R 3a . 

One preferred group R 3b is a nitro group which may then if required be 
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converfeci to groiips'R 3 * other thin nitro;' ? 

Suitable reagents for substituting the C-8 hydrogen of the compound of 
formula (IV) with a group are the appropriate conventional reagents. 

5 ; y - ' ' • - ' ■ • " " - - - ; • 

The conditions of reaction for the substitution of the C-8 hydrogen of the 
compound of formula (IV) will of course depend upon the particular 
reagent chosed, aiad in general the conditions used; will be those which are 
conventional for the reagent used, 1 

10 

One particularly suitable reagent is a mtiratmg agent/ 

The nitration of compound (II) may be carried out using any suitable, 
conventional niteating agent, for example a nitric acid/acetic acid mixture 
15 in an inert solvent, such as dichloromethane, at any temperature 
providiiig a: convenient rate of formation of the required product, 
conveniently at ambient temperature. 

In one cbnVenierit fo^ of the abovementioned process the compound of 
20 formula (IV) is Wadted With a suitable nitrating agent to provide a 

compound of formula CH) wherein R 3 21 represents a iiitrd group and then 
converting the nitro group into a halogen atom or a group of the 
abovellefmed formula -NRSR* suitably via the halogen atom. 

25 For example, when It3a Represents a nitro group, suitable conversions of 
the mtro group in to 

(i) converting the nitro group into a halogen atom; • : 
30 (ii) converting tiie m^ 

(iii) converting the : nitro group into a halogen atom followed by 
conversion of the halogen atom into the above defined group -NR s Rk 

35 (iv) converting the nitro group into a halogen atom and thereafter 

converting the halogen atom into a methyl group substituted with 1 or 2 
groups of formula CO2R, wherein R is as defined above. ~ 



r0 WO 92/05175 



PCT/GB91/01633 



-11- 

(v) converting the nitro group into a halogen atom and thereafter 
converting the halogen atom into the above defined group O-L-Al. 

. (vi) converting the nitro group into an amino group and thereafter 
5 alkylating the amino group to provide the above defined group -NR s Rk, 

■ 'and'-;: • . ... 

(yii) inverting the nitro group into an halogen atom, and thereafter 
converting the halogen atom into a hydroxy group or an alkoxy group. 



10 



A nitro group may be converted into a lialogen atom by using any 
convenient halogenating agent. 



One suitable halogenating agent is a hydrogen halide, suitably reacted in 
15 aqueous conditions for example by using concentration hydrochloric acid 
at an elevate*! temperature, for example in the range of from 50 to 150°C. 

*A further suitable halogenating agent is a phosphorous oxyhalide, such as 
. phosphorous oxycjiloride or, phosphoi$^s> oj^brpmgide, which may be 
20 reacted in any suitable solvent, such as dimethylfermainide, suitably at 
an elevated temperature for. example pi the range of from 50°C to 150°C. 

A nitro group may conveniently bp converted into an amino group by 
conventional reduction methods for example by using tin powder and 
4 25 concentrated hydrochloric ari4 at ambient temperature or by using 
- sp(Uu^ dStlponite in aqueous methanol at ambient temperature. 

When R3^ represents a halogen atom, it may be converted into a methyl 
group substituted with 1 or 2 groups of formula CO2R wherein R is as 

30 defined above, by reacting the require^ roippoujad of formula (II) wherein 
R3a is halogen, with the appropriate mono or bis malonate wherein the 
esterifying moiety is a group R as defined above, in the presence of a base 
suqh as sodium hydride in an aprotic solvent at any temperature 
providing a suitable rate of formation of the required product, 

35 conveniently at an elevated temperature such as in the range of 40°C to 
120°C f for example 80°C. 

When R 3a in the compound of formula (II) represents a halogen atom it 
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may be converted into a group -O-L-A 1 , wherein L and A 1 are as defined 
in relation to formula (I), by reaction, with a reagent of formula (V) or, 
preferably, an activated form thereof: : 

5 Al-L-OH .... . . • (V) 

* ■" y "• . v. * 

wherein A* and L are as defined above. 

. The reaction between the compound of formula (II) when R 3a is halogen 
10 and the compound of formula (V) may be carried out under analogous 

conditions to the above described reaction between compounds of formulae 
//• (ID and OH). ■ V;- ■ - v . ; 

* »■ Suitable activated forms of the compound of formula (V) are salted forms 
15 such as alkali metal salted forms, 

i In:one convenient aspect the activated form of compounds of formula (V) 
are prepared by treating the compound of formula (III) with a base, 
suitably ail alkali jpsfcql base ■ susjtl as those referred to above. 

When R 3 * in the compoimd of formula (II) represents a halogen atom it 
may be converted into a group -NRSRt by reacting with a reagent of 
fonnula£VT): : : .... -■: . 

25 y , HNRSRt, 3 j . ; (VI) 

wherein R s and R* are as defined above. 

The reaction between the compoimd of formula (II) and the compound of 
30 formula (VI) may be carried out in any suitable solvent, such as toluene, 
at any tempera fore, providing ^convenient rate of formation of the 
product, but suitably at an elevated temperature, such as in the range of 
firom 50° to- 18Q9C, at atmospheric or an elevated pressure. 

35 Suitable alkylation methods for use in the abovementioned conversions 
include those used conventionally in the art, for example methods using 
halides, preferably iodides, in the presence of a base sueti as potassium 
carbonate in any convenient solvent for example acetonitrile or toluene. 
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In. the conversion (vi), the nitro group may be converted into the halogen 
atom as described above.i The conversion of the halogen atom into an 
alkoxy group may be effected by any conventional alkoxylation procedure, 
5 ; for example treating the halogen with a source of alkoxy ions, such as a 
sodium alkoxide. 

" . . ' * • . * * . ».*..*■"" 
Suitable conversions of a compound of formula (I) into another compound 
of formula (I) generally include converting, one group R3 into another 
. '10 group R3, ; . s t - y ./:. . o; ^ - : . : 

Conversions of one group R^ into another group R^ include the following: 

(i) the abovementioned conversions ;of-R3 when nitro or halogen into 
15 other groups R3; and 

(ii) the conversion of one group NRSR* into another group NRSR*. 

. An example of a conversion of one group MISR^ into another group is that 
20 wherein NRSR* represents a piperidinyloxy group, which may thereafter 
be converted into an (N^oxo-butanoic add) piperidinyloxy group, by 
treatment with succinic hydride in dry dimethylformamide, or into an 
(N-benzyl) piperidinyloxy group, by conventioriaFbenzylation procedures. 

25 A compound of formula (IV) may be prepared! according to methods 
disclosed in EP 0369744. 

Suitable values for R* a and R^a include R* and R^ respectively or 
nitrogen protecting groups such eis silyl groups, 

30 ' • - / • - *. \ X ' ' 

When R 1 * or R?a riepresents:0thef than Rteat repectively, the 
abovementioned conversions of Rl^ intb'Rl fffid'R^a to r2 m3i y be carried 
out using the appropriate conventional procedure. 

35 The protection of any reactive group or atom, such as any of the xanthine 
nitrogen atoms may be carried out at any appropriate stage in the 
aforementioned processes. Suitable protecting groups include those used 
conventionally in the art for the particular group or atom being protected, 
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• . for example suitable protecting groups for the xanthine nitrogen atoms 
are silyl groups, especially trialkyl silyl groups such as t?biityl dimethyl 
silyl or trimethyl silyl groups. ...... 

5 . Protecting groups may be prepared ,and removed using the appropriate 
conventional procedure: . ? : > . , ,< 

For example, N-benzyl protecting groups may be prepared by treating the 
appropriate compound of formula (II) with benzyl chloride in the presence 

10 of a base such, as triethylamine, bases such as-potassium t-butoxide may 
also be. usee} . The, N-beozyl protecting groups may be removed by 
catalytic hydrogenation over a suitable catalyst, sucL as palladium on 
activated charcoal, in a suitable solvent, such as ethanol conveniently at 
an elevated temperature, or by. treatment with anhydrous aluminium 

15 chloride in dry benzene at ambient temperature. Trialkylsilyl protected 
nitrogen groups -may ; be prepared by treating the appropriate compound 
with atri^lkylsilyl halide, for example trimethylsilyl chloride, in the 
presence of a base such as pptassiujcp fcbutoxide. The N : taialkylsilyl 
protecting ^pu^i^ycbe/remoYed by mild basic hydrplysis or by treatment 

20 , with a ;sourpe of fluoride ions such as tetrabutylammoniumfluoi^d^ 

Compounds of formulae (II) are novel compounds and as such form part of 
the present invention^ : . % . . , , r r 

25 Compounds of formula (1H), (V), and (VI) ara known compounds or are 
prepared according to methods used to prepare known compoimds for 
. example those disclosed in J. March, Advanced Organic Chemistry, 3rd 

30 As mentioned above , the- compoimds of the invention are indicated as 
having useful therapeutic properties: the present invention accordingly 
. provides a cqmpound of formula (I); or where appropriate a 
pharmaceutically acceptable salt thereof; or a pharmaceutically acceptable 
solvate thereof, for use as an active therapeutic substance. 



35 



' ".•!..*. .... 

Thus the present invention provides a compound of formula (I); or where 
appropriate a pharmaceutically acceptable salt thereof; er a 
phannaceutically acceptable, solvate thereof, for use in the treatment of 
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and/or prophylaxis of disorders associateU With increased numbers of 
eosinophils; such as asthma, and allergic disorders associated with atopy, 
such as urticaria, eczema and rhinitis. 

5 In a further aspect the present invention also provides a compound of 
formula (I); or where appropriate a pharmaceutically acceptable salt 
thereof, or a pharmaceutically acceptable solvate thereof, for use as a = 
phosphodiesterase inhibitor/ 

: - : 10 In a psurticidar aspect, as 

provides a compound of formula (I) br where appropriate a 
pharmaceutically acceptable salt thereof; or a pharmaceutically acceptable 
solvate thereof, for use in the treatment df disorders of the respiratory 
tract, such as reversible airways obstruction and '-asthma. 

' : In a further particular aspect, fo^ 
of formula (I); or where appropriate £ pharmaceutical acceptable salt 
thereof; or a pharniaceiitically Acceptable solvate thereof, for use in the 
t&atmfcrits men^ 

20 tidurbnal denerative disof^ers : aiSsociafedwiSl leaiTiing, memory and 
cognitive dysfunctions, peripheral vascular disease or proliferate skin 
disease or for th£ prophylaxis of disorders associated with neuronal 
degeneration resulting from ischaemic events or for the inhibition of the 
production of tumour necrosis factor in for example the treatment of 

25 human immunodeficiency virus. : ; 

A compound of formula (I); or where appropriate a pharmaceu 
acceptable salt thereof; or a pharmaceutically acceptable solvate thereof, 
may be administered est ££ or, preferably, as a pharmaceutical 
30 composition also comprising a pharmaceutically acceptable carrier. 

Accordingly, the present invention provided a pharmaceutical composition 
comprising a compoxmd of formula (I); or where appropriate a 
pharmaceutically acceptable salt thereof; br a pharmaceutically acceptable 
35 solvate thereof, and a pharmaceutically acceptable carrier. 

The active compound may be formulated for administration by any 
suitable route, the preferred route depending upon the disorder for which 
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treatment is required; and is preferably in unit dosage form or in a form 
that a human patieiit may administer to himself in a single dosage. 
Advantageously, the composition is suitable for oral; rectal, topical, 
parenteral, intravenous or intramuscular administration or through the 
o respiratory tract. Preparations may be designed**) give slow release of the 
active ingredient. 



35 



The compositions of the invention majrbe in the form of tablets, capsules, 
sachets, vials, powders, granules* lozenges,- suppositories, reconstitutable 

10 powders, or liquid preparations such as oral or sterile parenteral solutions 
or suspensions. Topical fojmulations are ;also envisaged xwhere 

:; - . appropriate, -vv'^v. •...•■,>*■■ . ^ , * 

- In order to obtain consistency of administration it is preferred that a 
15 composition of the invention: is ih the form of a unit dose. 

Unit dose presentation forms for oral administration may be tablets and 
capsules and ixi&y coniariik convention^ excipients such asrbinding agents, 
for example >^^|>;^cacijai ^elaLtiii,: sorbitol, tragacaxith^.or 

20 polyvinylpyrrolidone; fillers, for example lactose, sugar* maize-starch, 
calcium phosphate^ sorbitol or ^ glycine; tabletting^lubricants, for example 
magnesium stearate; disintegrants, for example starch, 
pdlyvinylpyrrolidoiie; sodium starch glycollate or microcrystalline 
cellulose; or pharmaceutically acceptable wetting agents such as sodium 

25 'laui^rsidphate;'^ * vr - -v.: J : /v . -\. 

The solidicral compositions may fc6 prepared by. conyei^tio 
blending, filling, tabletting or the like. Repeated blending operations may. 
be used to distribute the active agent throughout those compositions 
30 employing large quantities^ fillers. . ; 

■ Jsisuh<: :;-::.t a; .ov I: o** . * v •* 

Such operations are of course conventional in the artv-The tablets may be 
coated according to methods well known in normal pharmaceutical 
practice, in particular /with an entericxoatihg. . 



Oral liquid preparations mayJae in.the form o£ for example, emulsions, 
syrups, or elixirs*. or may be presented as a dry product for reconstitution 
with, water or other suitable vehicle before use. Such liquid preparations 
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may contain conventional additives such as suspending: agents, for 
.sample sorbitol, syrup, methyl cellulose, gelatin, hydroxyethylcellulose, 
carboxymethylcellulose, aluminium stearate gel^ hydrogenated edible fats; 
emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; 
5 non-aqueous veMdes-(which,may include edible oils), for example almond 
oil, fractionated coconut oil, oily esters such as esters of glycerine, 
propylene glycol, or ethyl alcohol; preservatives, for example methyl or 
propyl prhydroxybehzoate or «pri)ic a(^d; a^ if desired conventional 
■ flavouringoirxolQuxing agents. 

Compositions may also suitably- be presented foradimnistration to the 
respiratory tract as a snuff or an aerosol or solution for a nebulizer, or as a 
microfine powder for insufflation, alone or in combination with cm inert 
carrier such as lactose. In such a^ease the particles of active compound 

15 suitably have diameters of less than^50 micrbos, such as from 0. 1 to 50 
microns, preferably less than 10 microns, for example from 1 to 10 
microns, 1 to 5 microns or from 2 to-5;inicrons. ^ -Where appropriate, small 
. amounts of other anti-asthmatics ^d^bronchodaatprs, for example 
sympatlmmimetic amines stuihas is^i»^i^*ic^petharine, salbutamol, 

20 phenylephrine and ephedrine; cotti&gterdidstSuch as prednisolone and 
adrenal stimulants such ah ACTH may be included. 

For parenteral administration* fluid \^:dosagerforms are, prepared 
utilizing the compound and a sterile yehide fl and,. depending on the 

25 concentration used, can be either suspended or dijssolyed in the vehicle. 
In preparing solutions the compound can be dissolved in water for 
* injection and filter sterilized before filling into a suitable vial or ampoule 
: and sealing, -"icy" . '::J* ~* V ■riv.;^.> , ti r u 
. • :s ■ . :) V- - c^crot-fd^iK^ * " •: . 

30 Advantageously, adjuvants such.asia loc^li^pae^thetic, a preservative and 
buffering agents can be dissolved in the vehicle. To enhance the stability, 
the composition can be frozen after filling intotthe vial and the water 
removed under vacuum. c Parenteral suspensions are prepared in 
substantially the same manner, except that the compound is suspended in 

35 the vehicle instead of being dissolved, and sterilization cannot be 

accomplished by filtration. The compound can be sterilized by exposure to 
ethylene oxide before suspending in the sterilje vehicle. Advantageously, a 
surfactant or wetting agent is included in the composition to facilitate 
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"3 - uniform distribution of the compound. f- 

The compositions may contain from. 0.1% to 99% by weight, preferably 
from 10-60% by weight, of the active material, depending on the method of 
5 administration. 

Compounds of formula . (I), or if appropriate a pharmaceutical^ acceptable 
salt thereof, may also be administered as a topical formulation in 
. combination with conventional topical excipients. 

10 . • ;:-•.■>■ ■ • - 

Topical formulations may be presented as, for instance, ointments, creams 
or lotions, impregnated dressings, gels, gel sticks, spray and aerosols, and 
may contain appropriate conventional additives such as preservatives, 
solvents to assist drug penetration and emollients: in ointments and 

15 creams. The formulations may contain compatible conventional carriers, 
such as cream or ointment bases and ethanol or oleyl alcohol for lotions. 

Suitable cream, lotion, gel, stick, ointment, spray or aerosol formulations 
that may be used for compounds of formula (D or if appropriate a 
20 pharmaceutically acceptable salt thereof, are conventional formulations 
well known in the art, for example, as described in standard text books of 
pharmaceutics and cosmetics, such as Harry's Cosmeticology published by 
Leonard Hill Books, Remington's Pharmaceutical Sciences, and the 
. British and US Pharmacopoeias. 

25 

Suitably, the compound of formula (I), or if appropriate a 
pharmaceutically acceptable salt thereof, will comprise from about 0.5 to 
20% by weight of the formulation, favourably from about 1 to 10%, for 
example 2 to 5%. 

30 

The dose of the compound used in the treatment of the invention will vaiy 
in the usual way with the seriousness of the disorders, the weight of the 
sufferer, and the relative efficacy of the compound. However, as a general 
guide suitable unit doses may be 0.1 to lOOOmg, such '^0:5 to 200, 0.5 to 
35 100 or 0.5 to 10 mg, for example 0.5, 1, 2, 3, 4 or 5 mg; and such unit doses 
may be ad mini stered more than once a day, for example 2, 3, 4, 5 or 6 
times a day, but preferably 1 or 2 times per day, so that the total daily 
dosage for a 70kg adult is in the range of about 0.1 to 1000 mg, that is in 
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the range of about 0.001 to 20 mg/kg/day, such as 0.007 to 3, 0.007 to 1.4, 
0.007 to 0.14 or 0.01 to 0.5 mg/kg/day, for example 0.01, 0.02, 0.04, 0.05, 
•j * 0.06, 0.08, 0.1. or 0.2 mg/kg/day; and such therapy may extend for a 

number of weeks or months. 
5 . 

When used herein the term 'pharmaceutical^ acceptable' encompasses 
materials suitable for both human and veterinary use. 

No toxicological effects have been established for the compounds of 
10 formula (I) in the abovementioned dosage ranges. 

The following pharmacologic^ dateV^ the invention. 

■ The following preparations illustrate the piieparation of intermediates to 
, the novel compounds of formula (I):- , t . . * 

15 ■ • . - v x:-J ' 
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Examnle 1 

8-Anuno-7-benzv1-ll3-di(^ 



5 



N 



NH, 




10 

Potassium t-butoxide(0.12g > l.lmmole)was added to a solution of 
8-ammo-l,3-<K(eydbp^ (027g;lmmole) in DMF(3ml) 

and the resulting mixture was stirred for lhr at ambient temp erature. 

15 Benzyl bromide (0.24ml,2mmole) was added to the 'dark orange/fed 
! solution which turned cherry red; ^A^r stirring: for lhr at ambient 
temperature the reaction' mixture was added to ethyl acetate(80ml)and 
the organic solution washed with waterC2x25ml), dried(MgS04)and the 
• ' solvent removed'under^du^d'pressufe to give a red solid(0.43g). 

20 Chromatography oasffi^ 1:5) gave -.1 

8-annno-7 -benzyl- I,3-di(cyclopropyhnethyl) 
xanthine(0 4 31gi8^)^n.p.l58 o C; v^jaf (EBr) 3369(w), -1 
3330(w), 169l(m),i639(s),1526<:m) and 1432(m)cn* 1 ; 
0XCDCI3) 0.39-0.52(8H i in),1.25-1.36(2H,m), 3;89 

25 (4H,t(overiappmg d); j=e:SH z ),4.66(2H3rs),5.39X2H > s)/- ■ , 
7.26-7.41 (5Hjn);m/e365(M+100%),91(60)^14<30) t 
55(20),220(m),337(8); .■>,".■• " ; . : > ; 

Found: C, 65.43; H, 6.15; N, 19,10. C2oH23N 5 02req;iires-C, 65.73; H, 
6.34; N, 19.17%. • • 
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Example 2 

fi-Aimno-l^di(CTcloprn pvlmethvll7-(^ 



10 




Potassium t-butoxide( 1.34g, 12mmole) was added to a solution of 
-,, S-ammo^l.S-di^dopropylmethy^xantbine (2.7g,10mmole)in 
.15 . DMF!(25ml)and the resulting mixture, was stirred for 0.5hr at ambient 

temperature. 4?Methoxybenzyl chloride(1.5,6gil.35ml,10mmole) was . 

added to the red solution which HghJ£ned-.to ; ah orange colour. After 

stirring fiir lhr at ambient temperature the mixture was added to ethyl 

acetate (200ml),, washediWith;dUute^d^ 
20 and dried (MgSC>4). Removal of the solvent under reduced pressure gave 

a solid which was chromatpgraphed'On silica (hexane/aeetone, gradient)to 

give 8-an^o-l,3-dl(<ydopropylmethy^ 

xanthine (2.55,64%) m.p.l76?a vmax OTr> 3434(w), 

1691(m)a639(s)a527<m).andl456(m)em- 1 ; ; 
25 5(CDCl3)0.43r0.53(8S^),l^fct.a5(2^,m),3J.9.(^^^ 

(4H,t(overlappihg<l), s ; 0 . • : 1 - . 

J==7.0H z ),4.55(m,brs),5.32(2H,s),6.90(2JI , ,dvJ=9.OHi)7.30(2H,d^r=9.0H z ); 

. ; m/e 121(100%)/: ■ y:- ,P" ■ '1' Z- ,=•" . ,. .■ '■. 
395(M+20); 

30 Found C, 63.64; H, 6.36; N, 17.77. C21H25N5O3 
requires C, 63.78; H, 6.37; N, 17,71%. 
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R-Amino-T.3-difcvcloproT>vlmethvlV7-methv1xanf.hirio 

. . .Me 
O 




10 Potassium t-butoxide (i.34gj 2mmole) was added to a solution of 
8-amino-l,3-di(cyclopropylmethyl)xanthine (2.7g, lOmmole) in DMF 
(25ml) and the resulting mixture was stirred for 0.5hr at ambient 
temperature. Methyl iodide (1.78g,0.78ml, 12.5inmole) was added to the 
red solution, an exothermic reaction resulted and a precipitate formed. 

15 - After stirring for 10 minutes the mixture was added to ethyl acetate 
(200ml), washed with dilute hydrochloric acid (50ml), water(50ml) and 
dried (MgS04). Removal of the solvent under reduced pressure gave a 
solid which was chromatographed on silica (acetone/hexane gradient) to 
give 8-amino-l, 

20 3-di(cydopropylmethyl)-7-methylxanthine(1.5g,52%)iv. 

mp.204-50C, (KBr) 3405(w), 3343(w), 1689(m),1649(s), 
1638(s),1534(m) and 1464(m) cm- 1 ; 0XGDCI3) 

0.41-0.50(8H,m), 1.26-1.36(2H > m), 3.75(3H,s), 3.90m (4H,d,J=7.0H z ), 
4.77(2H,brs); m/e 289(M + ,55%),151(30), 55(13),261(12); 
25 Found C, 58.00; H, 6.50; N, 24.08. Ci4Hx9N 5 02 
requires C, 58.11; H, 6.62;;N, 24.21%. 



Example 4 



30 1.3-Di((^clonronvlmethvlV8-ethoirv-7-(4-mPlhoTvben2v1-xanthinft 



35 



-■^ 'II • I 




OMe 
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Sodium ethoxide (3ml of a 1M solution in ethanol, 3mmol) was added to a 
solution of 8-chloro-l,3- di(cyclopropylmethyl)-7^4-methoxybenzyl)- 
xanthine (l.Og, 2.4mmol) in dry ethanol (5ml) and the reaction mixture 
was heated at reflux for 16 hours. The solution was allowed to cool and 
5 the solvent was removed under reduced pressure. The residue was 

suspended in Wfo methanol/dichloromethane and the solvent decanted from 
the sodium chloride. 

Purification by column chromatography over silica gel in the same solvent 
system, afforded l,3-di(cyclopropylmethyl)-8-ethoxy-7-(4- 

10 methoxybenzyl)xanthine (0.81 g, 85%) which was recrystallised from 
: ethylacetate-hexane to afford a tfhite} crystalline solid, m.p. 112-113°C, 
VjnaxCKB^^^ 1514(s), 1454(s) 

and 1427(s)r !H5 (270 MH Z , CD.GI3) 0:45 <8H, m), 1.29 (2H, m), 1.45 (3H, 
t, J = 7.15Hz), 3.77 (3H, s), 3.87 (2H,d;>Ji= 7.4Hz), 3.90 (2H, d, J = 7.4Hz), 

15 4.52 (2H; q, J = 7.1Hz), 5.20 (2H, s), 6.84 (2H, d, J = 8.8Hz) and 7.42 (2H, 
'1 d, J = 8.8Hz); m/e 424 (25%, M+), 121 (100) 
Found: C, 65.02; 6.68; N, 13.42. C23H28N4O4 
requires C, 65.07; H, 6.65; N, 13*20%* 

20 Examples ; ■ = 

8-ChlprQ-1.3-dHcvriQprpptf^ 




Sodium hydride (2,llg of a 60% suspension in oil, 53mmol) was added 
portionwise to a solution of 8-chloro-l,3-(h((yclopropylmethyl)xanthine 
(14.4g, 44mmol) in anhydrous dimethylsiilphoxide (100ml). After 1 hour, 
4-methoxybenzyl chloride (6.5ml, 48mmol) Was added and stirring 
35 continued for 16 hours. The reaction mixture was quenched with water 
(100ml) and extracted into ethyl acetate. The combined organic extracts 
were washed with water, dried over magnesium sulphate-filtered and 
concentrated. The solid residue was recrystallised from hexane to afford 
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8-chloro-l,3- di(qrclopropyimettiyl)-7-(4-methoxybenzyi)Kant.hine (15.0g, 
82%) as a white solid, m.p. 135-136°C, v maT (KBr) 1704(s)j 1663(s), 
1612(m), 1533(m), 1514(m) and 1453(m) cm- 1 ; 
. 1H5 (270 MH 2 , CDC1 3 ) 0.46.(8H, in), 1.30 (2H, in), 3.78 (3H, s), 3.92 (4H, 
5 dd, J = 1.38, 7.2 Hz), 5.48 (2H, s), 6.86 (2H, d, J = 9Hz), 7.42 (211, d, J = 
9Hz); m/e 414 (10%, M+), 121 (100) 

Found: C, 60.57; H, 5.41; N, 13.72. C21H23N4O3CI requires C, 60.8; H, 
5.6; N, 13.50%. ' ' 

10 Exampleg . 

y .,■** • 
1.3-DiffrTOlopropvlmethvlV^hvdrdxv-7-(4-methoxvbenzvl')xanthiTie 




2-Hydroxyethylpyiidine.(0.32g > 1.1 equiv) was added dropwise to a 
suspension of 8-cMoro-l,3-di(cyclopropylmethyl)-7-(4^ 
methox>H3enzyl)xaxithine (Ig, 2,41 mmol) and sodium hydride (0.15g of a 
60% dispersion in oil, 1.5 equivs) in dry DMSO (20 ml) and was heated at 

20 80°C for 16h. The reaction mixture was poured into water, neutralized 
and extracted into ethyl acetate (x3). The combined organic solutions 
were dried, filtered and concentrated- The residue was purified by column 
chromatography over silica gel in 0.5-1% methanol/dichloromethane to 
afford l,3-di((^clopropylmethyl)-8-h^ 

25 (0.4g, 84% based on recovered starting material), mp 247°C (ethyl 

acetate/chloroform/hexane). 5 (CDCI3) 0.39-0.63 (8H,m), 1.23-1.40 (2H,m), 
3.77 (3H,s), 3.85 (2H,d J=7.lHz), 3.89 (2H, d J=7.1Hz), 5.13 (2H,s), 6.83 
(2H, d J=8.8Hz), 7.50 (2H, d J=8.8Hz), 13.14 (lH,s). 

30 Found: C, 63.40; H, 6.12; N, 14.00. C21H24O4N4 requires C, 63.62; H, 
6.10; N, 14.13%. 
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Example 7 

8-Aimno-1.3-di(cvclopronvlTnfi^^ 

5 • • •' ■■. >' ■. .■ . \. ; 

, - ".OMe. . 




8-Amino-l,3-di(cydopropylmethyl)-7^3,4,5-trimethoxybenzyl)xanthine mp 
173-174°C was prepared in 84% yield in a similar manner to the 

10 . compound of Example 2 using 8-amino-l,3-di(cyclopropyl methyl )xanthine 
and 3,4,5-trimethoxyhen^l rfuoride; 5 (CDCI3) 0.44-0.49 (8H,m), 1.29- 
1.32 (2H,m), 3.82 (9H,s), 3.89 (2H, d, J=6.9Hz), 3.92 (2H,d, J=6.9Hz), 4.82 
(2H,s), 5.30 (2H,s) and 6.57 (2H,s); v ^ (KBr) 3414 (m), 1694 (s), 1646 
(s), 1633 (s). 1525 (s), 1456 (s) and 1127 (s) cm'h m/e (FAB) 181 (100%), 

15 456 (M*>20), observed 455.2169, C23H29N5O5 requires 455.2156; 

Found: C, 60.55; H, 6.23; N, 15,27.. C23329 N 5P5 requires C, 60.64; H, 
; 6.42; N, 15.38%. ;, , - 
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Exampte 8 

. l.S-IM^clopropvlTnethvlVT-f^Tnethoxvhftn^vlVS-r/U : .. 
pyridvlaminoteanthinft 

5 . 




... This compound was prepared according to the procedure of Example 9 but 
; , . with 4-aminopyridine replacing imidazole. Purification hy rnl nmn 
.-,10 chromatography, affqrded4,3-di(cycloprppylm 

8-(4-pyridylamino)x^thine (35%); mp 207-208°C (decomp,. 
ethylacetate/hexane). dXCDCIg/pMSO-ds) 0.32-0.5,7 (8H,m), 1.26-1.40 
(2H,m), 3.19 (lH>brs), 3.74(3H,s), 3.86 (2H, d J?7 ? l5Hz),,3.96 (2H, d 
. J=7.15Hz), 5.57 (2H,s), 6.82 (2H, d J=8.8Hz), 7-29 (2^, d J=8.8Hz), 7.62 
15 . (2H, d J=6.5Hz>, 8,36 (2H,brs), 

Found: C, 66.28; H, 5.77; N, 17.94. C26H28N6O3 requires C, 66.08; H, 
5.97; N r 17.78%. . ; , . ; . • _ . ' _ , . .. " ". ', . .. 
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Example9 

1.3-Difcvclopropv1methv1V^-imidazovl-7-(4->methoxvben2vl)xanthine 




A solution of 8-chloro-l,3-di(cyclopropylmethyl)-7-{4- 
'■ metiioxybenzyl)xanthine (0".5gV 1.21 x 10*3 moles), potassium t-butoxide 
(O.lSg; l.i : equiv) and imidazole (b.090gr 1.1 eqnivs) m diy dimethyl 

10 sulphoxide (lOml) was'hea&d'atl80 o G for 16h. ; The reaction mixture was 
allowed to cool, poured into water and extracted into ethyl acetate (x3). 
The combined orgaftic sbKitibhsVere dried over magnesium sulphate, 
filtered and concentrated. ^Tne crude residue was purified by column 
chromatography over silica gel in iri^thanbl/dichloromethane to afford 

15 l,3-<n(<*yclopropylmethyl)-8-umd^ 

(0.32g, 59%), mp 117-119°C (ethyl acetate/hexane). 8 (CDCI3) 0.41-0.56 
(8H,in)V 1.26-1.40 (2H,m), 3.77 (3H,s);'S 5 96 : (2H i a J=7.1Hz), 3.97 (2H,d 
J=7.1Hz), 5.48 (2H,s), 6.82 (2H,d J=8.8Hz), 6.98 (2H,d J=8.5Hz), 7.20 
(lH,s), 7.26 (1H.S) and 7.78 (lH,s). 

20 

Accurate Mass: Found 446.2065. C24H26N6O3. requires 446.2066. 

Found: C, 64.48; H, 5,94; N, 18.81. C24H26N6O3 requires C, 64.55; H, 
5.87; N, 18.82%. 

25 
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Examole 10 

8-CMoro,1.3-difCTdopTOnv1methvlV7-(3pvridvlTnpthv^xftnthine 
hydrochloride 

5 




: ; 8-Chloro-l,3wn(cyclopropylmethyi)-7-(3 pyridylmethyl)xanthine was 
•„'' :prepared from 3-cMoromethylpyridine and 8-chlororl,3r 

10 di(cydopropyknethyl)xanthine according to the procedure of Example 14, 
except that the reaction mixture was heated at 80°C.for.l6h. The free 
base was dissolved! in dry ether an&tbe solution was saturated with 
hydrogen chloride gas. 8-CMoi^l,3-di(cydopropylmethyl)-7-(3- 
pyndylmethyl)xanthine hydrochloride, m.p. >200°C (methanol/ether), was 

15 precipitated. 6 (DMSO-d6) 0.29-0.51 (8H,m), 1.11-1,27 (2H,m), 3.77 (2H,d 
J=6.8Hz), 3.84 (2H, d J=7.1Hz), 4.5-6.0 (1H, br s), 5.68 (2H,s), 7.83 (lH,t), 
8.22 (1H, d J=8.5Hz), 8.76 (1H, d J=4.4Hz), 8.85 (lH,s). 
Accurate Mass: Found 386.1365. C19H21N5O2CI 0Vm + ) requires 
386.1384. . 

20 Found: C.53.82; H, 5.17; N, 16.60. C19H21N5O2CI2 requires C, 54.03; H, 
5.01; N, 16.58%. 
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Examole 1 1 

: 8-GMorQ-1.3-difcvclopropvlmethvlV7-(3.4.5-triniethoxvbenzvl)xanthine 



OMe 



OMe 




- 8-CMbro-l,3-&(cydripropylmethyl^ 

nip. 109-110°C, was prepared in 62% i yield'from.3,4,5-trimethoxybenzyl 
chloride and 8^cWor(Hl,3-di(cydoprDpylnlethyli)xanthine using.the 
10 -procedure* of Example 14. 5: (CDGl3):Oi4ar0.51X8H, m), 1.25-1.36 (2H, m), 
- : 3.82 <3H, s). 3M (mi f$r3m^,1&&^Jmz), ZA5 (2H, s), 6.82 (2H, 
■ s)' -' ; - j. v . ..... ;:>-'■■■ . ■, ■ ' 

: Found: G, 58.33; H, 5.47; N, 11.72. C23H27N4O5CI requires C, 58.16; H, 
5173; N, 11.80%. ?'.■> -'-'X' 

■15 ' ' ■ ■ ■ ■•• ••- ■ "v, , ■ 
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Esamples 12 and 13 



8-Amino-l .3-dif cvclopropvlmethvl V7-(2-nitrobenzvl)xanthine (Example 
12) and l:3-DU(^clribropvlmethv1)^-(2- nitroben^]amiT>o^7-(2- 
5 nitrahanzvnxanthine (Eramnle 13) 




S-Ainino-i^-diCcyddp^opyMethyr^anthine was reacted with 2- 
10 nitrobenzyl bromide in a similar manner to that for the compound of 
Example 2 to '^yer after chromatography on siHca (hexane/dcetone 
gradient), i,3-diCcydopropyb^ethyl)-8-(2-nitroben2ylamm 
nitrobenzyi)^thine ! U4%), nLp! 198-9°C; 5 (CDCI3) 0.32-0:58 (8H, m), 
1.17-1.13 (1H, m), 1.33-1.40 (ffl, in), 3.82 (2ft, d, J=7.1Hz), 3.94 (2H, d, 
16 J=7.1Hz), 4.83 (2H, d, «f=is lHz), 5.63 (1H, t, J=6.3Hz), 5.73 (2H, s), 7.03 
' (m, d, J=7,7HzX 7.42-7:64 (5H, m), 7.83 (lH, d, J=85()Hz), 8.10 (1H, d, 
J=8.0Hz); v ^ iKBr) l695(s), 1652(s), 1619(s), l570(m), 1526(s), 
1476(m), 1340(m), 1302(m); 1275(m) and 727(m) cm" 1 ; m/e (FAB) 546 

20 Found: C, 59.16; H, 5.04; N, 18.08. C27H27N7O6 requires C, 59.44; H, 
4.99; N, 19.97% 

followed by 8-anuno-l,3-di(cyclopropylmethyl>7-(2-hitro^ 
(22%), m.p. 240-l°C, 8 (CDCI3) 0.35-0.42 (4H, m), 0.45-0.53 (4H, m), 1.21- 
1.36 (1H, m), 1.37-1.42 (1H, m), 3.82 (2H, d, J=7.lHz), 3.93 (2H, d, 
25 J=7.1Hz), 5.83 (2H, s), 6.05 (2H, brs), 6.94 (1H, dd, J=l.l, 8.0Hz), 7.11 r 
7.62 (2H, m), 8.17 (1H, dd, J=l.l, 8.0Hz) v,^ (KBr) 1695(s), 1638(s), 
1525(s), 1452(s), 1338(m), 1275(m) and 728(w) cm"!; m/e (FAB) 411 (MH+, 
100%), 55(50), 136(35), 357(18), 91(14); 

Found: C, 58.30; H, 5.43; N, 20.55. C20H22N6O4 requires C, 58.52; H , 
30 5.40; N, 20.48%. 
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Example H 



r, ■ 



8-Chloro-1.3-dif(nrclopro pv1niP.thvl)-744^nifinbenzvl)xanthine 



10 



15 



20 



Sodium hydride (0.16g of a 60% suspension in oil, 1.2 equivs) was added 
to a solution of 8-cWoro-l,3-di(cyclopropylmethyl)xanthine (lg, 3.40 x 10" 3 
moles) in dry DMSO (25ml). After 1 h, 4-mtiqben^l bromide (0.88g, 1.2 
equivs) was added and. the solution was stirred at ambient temperature 
for 16 h. The reaction mixture was poured into water and extracted into 
ethyl acetate (x3). The combined organic solutions were dried, filtered 
and concentrated. The crude residue was purified by column 
chromatography over silica gel in 1% methanol/mchlpromethane to afford 
8-cMpro-l,3-&(cydopropylmethyi)^ (0.93g, 64%) 

as a white solid m.p. 1^1-112 0 C (ethyl acetataOiexane). 5 (CDCI3) 0.38- 
0.55 (8H,m), l^lJ80\^^ t ^^^M.lWi t 3.95 (2H, d 
J=7.i5Hz) 6.4 (2H,s), 7.58 (2H,4 J=8^?), B.23 (2H, d J=8.8Hz). 
Accurate ;Mass: Found 430.1285, CgpH^i^P^l (MH + ) requires 
430.1282. .,' ••.'"•I'/'. " "'. 

Found C.55.91; H, 4.81; N, 16.22. 020^20^94^ requires C.55.88; 
H,4.69;N, 16.29%. 



1 '-I':. 
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Exampleis 

lv^-diCcvcropropvlroethYl V7-( 1 ^naDhthvlmethVfbtarithitifi 



5 




- ■'. ! ;. ' : . i'- v --.' «- ."■ . . .... . . 

Potassium t-butoxide (0.48g, 1.2equiv) was added to a suspension of 8- 
ammo-l,3-di(cydopfopylmethyI)xanthine (lg, 3.83 x 10" 3 moles) in dry 
ethylene glycol dimethyl etiier (25ml). After 0.5h lr ; ; 

10 cMoromethy2na^mthal^ was added and stirring 

! r i continued for a further' 16 h. The reaction mixture; wasi poured into water, 
neutralised, and extracted into ethyl acetate (x3). The combined organic 
extracts were driedover magnesium sulphate, filtered and concentrated. 
The crude residue was purified by column chromatography over silica gel 

15 , in 1% methanol/dichloromethane to afford 8-amino-l,3- 

di(cydopropylmethyl)-7-(l-naphthylmethyl)xanthine (0.82g, 54%) as a 
pale pink solid m.p. 215-216°C. 5 (CDCI3) 0.33-0.56 (8H,m), i.2-1.44 
(2H^n), 3.82 (2H,dJ=7.15Hz), 3.93 (2H,d J=7.15Hz), 5.67 (2H.br s), 5.90 
(2H,s), 6.96 (lH,d J=7.1Hz), 7.40 (lH,t J=7.1Hz), 7.55 (2H,m), 7.79 (lH.d 

20 J=8.2Hz), 7.85 (lH,d), 8.07 (lH,d). 

Accurate Mass: Found 416.2066. C24H26N5O2 (MH+) requires 416.2087. 
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F,Tamp1e16 
. : &CMoroa :3-riiffraloprnpv1mfl^ 




5 

8-CUoro-l,3-di(cydopropylmethyl)-7-(l-napthylmelJiyl)xanthine, m.p. 
187-188°C (hexane), was prepared in 32%xyiel(3 from 1- 
fchldromethylnaphthalene and 8-(WproTl;3-di((^clopropylmeaiyl)xanthine 
using the procedure of Example 14.- 5 .< CDC1 3 >, 0,37-0.59 (8H,m), 1.21- 
10 1:46 (^mfca^ (2H,s), 6.76 

, , (IHj d J=7.14Hz), 7.38 (lH,t), 7.58 (2H^nn 7.8K1H, d J=8.3Hz), 7.91 (1H, 
■■}■ ■' d J=7,7Hz), 8.06 (lH,d J=8.2Hz). 

Found 0,66,14; H, 5.23; N, 12.85/ O24H23N4O2CI requires C.66.27; H, 
5.32; N; 12.80%. 

15 Accurrate Mass: Found 435.1588. C24H23N4O2CI requires 435.1588. 
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Example 17 

8-Aimno^l;3-difcv^ 




Sodium hydride (0.17g of a 60% dispersion in oil, 1.2 equivs) was added to 
a suspension of 8-amino-l;3^di((yclopropylmethyl)xanthine (lg f 3.63 x 10" 
3 moles) in dry DMSO (25ml). After stirring for 1 h at ambient 

10 temperature 4-iiitrdbenzyl bromide (0.94g, l»2 i equivs) vtfa& added* After 16 
h the reaction mixture was poured into .water, neutralised and extracted 
.with ethyl acetate ffy£B% ^TTK &mbined organic extracts were dried over 
magnesiuin stilphate, Stored and concentrated; The crude residue was 
purified by column' chromatography over silica gel in 2% . 

15 methanol/dichloromethane to afford 8-iamino-l,3^(cydoprbpylmethyl>7^ 
(4-nitrobenqrl)xaritibihe £l:03g, 69%) as a pale yellow solidVm.p. 136- 
137°C. 8 (CDCI3) 0.36-0.54 (8H,m). 1.23-1.39 (2H,m), 3.83 -T 
(4H,t t J=6.75H^) f 4.59 (2H,s)r5.47 (2H,s), 7.47 (2H,d, J=8;8Hz), 8.21 (2H,d 
of t J=8.8Hi). \- *i>kss a-. . ' . iu . * , V.\ 

20 Aanrrate Mass: Sound 41^^^^ 411.1781. 
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Esamcle 18 , ; 

l:3-DifcvcloMH^ 

piperizinvllethoxv tethoxvlxanthine sesouimaleate sesouihvdrate 

5 




1.5H20 



' This compound was prepared according to the procedure of Example 6 
usmg 2-(2-{Nrpiperizmyl)ethoxy)ethauol and 8-chloro-l,3- 
10 - di(cydoprppylm'ethyl>7-(4-methbxybenzyl]xant hine. Purification by 

'•i- cohunn chromatogra^ 

metbanol/di(^oromethanf) 3 afForded J^3^(cyclppropylmethyl)-7-(4- 

methoxyben2yl>8^^ 

oil. 8 (CDG1 3 ) 0.43-0.48 (8H,.m), 1.29 <2H, m), 1.95 (1H, brs), 2.50(4H, m), 
, 15 2.60 (2H, t, J=5.8Hz), 2.90 (4H, t), 3.66 (2H, t, J=5.8Hz), 3.77 (3H, s), 3.77- 
3;91:(6H, m), 4 ? 61 (2H, t), 5.22 (2H, s), 6.83 (2H, d, J=8.5Hz), 7.44 (2H, d, 
J=8.5Hz); 

.. Accurate Mass: Found: 552.5878 G^gH^gNgOg requires 552.3060 
Treatment of the above oil with maleic add gave, the sesquimaleate 
20 sesquihydrate m.p. 150-5°C (decomp. ethanol/diisopropyl ether). 



WO 92/05175 :Per/GB91/01633 

• -36- 

Eyamnle 19 

IJMKfcyclopropvlme^ 
vlnreteanthine inaleate . ] 




, 4 -, l,3-Di(cyclopropylmethyl^ , 

, piperidinyloxy)xanthine maleate was prepared according to the procedure 
10 of Example 6 but with 4-hydroxypiperidine replacing 2- 

hydroxyethylpyridine. Purification by column chromatography over silica 

gel afforded 1,3-dKcydopropy^ 

; piperidinylozy^n^ne (50%), as ar oil. 8 (DMSp^dg) 0.31-0.48 (8H,m), 
1.15-1.23 (2H,m), L£4~l,66 (2H,m), 1.93 (2H,m), 2.51 T 2.62 (2H,m) t 2.87- 
,15 2.94J&H,m)r^ 

V 4.95-5.01 (lH,m) 5.1(5 (2H,s), 6.90 (2H, d J=8.8Hz), 7.30 (2H, d J=8.8Hz). 
The maleate salt was prepared and recrystallised from 
methanol/diisopropyl ether to afford the pure material, mp 165-166°C. 

20 Found: C, 60.34; H, 6.39; N, 11.77 C30H37O8N5 requires C, 60.49; H, 
6.26; N, 11.76%. 
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Exarople 30 



vloxvlpiperidinvl Vl-4-oxo-butanoic arid hentthvdrate - 



OMe 




NCOCHgCH^O^ 



Succinic anhydride (0.23g, 1.2 equivs) was^added to a solution of 1,3- 
{n(cydopropylmethyl>7-(4-meth6xybe^ 
10 (0.92g, 1:92 mmoles) in diy 

' removed by evaporation to give 4-[4-(8-[lj'3^i(cyclopropylmethyl)-7-(4- 
"methOxyberizyl)xantbiri^^ arid 
henuhydrate^ 

(CDCI3) 0.43-0.52 (8H,mj, 1.25-1.29 (2Him), 1.91-2.62 (4H,m), 2.71 
15 (4H,m), 3.49-3.71 (5H,m), 3.77 <3H,s), £8YH2H,d r ^7.4H2), 3.91 (2H, d 
J=7:2Hz), 5^23 (3H^n), 6/85 (2H, d J=8l8Hz), 7:37 (2H, d J=8.5Hz). 



20 



Found: C, 60.82; H, 6.32; N, 11.82 C30H37O7N5 0.5H 2 O requires C, 
61.20; H, 6.50; N, 11.89%. 
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Example 21 

.;: • 8-r4-(^Benzy1)nipp.pdirivloxv1-1.3-difcvclo propvlmethvl^ 
methoxvbenzvDxanthine maleate 

5 




Benzyl bromide (O/L^g, 1.2 equivs), triethylamine (0.21gi 2.5 equivs), and 
r l,3-65(cyclopropyhnethyl)-744^ 
■ 10 : piperidinyloxy)xanthine (0.40g, 8.4 x 10 -4 mmole) were stirred in dry 
tetrahydrofuran (lOml).for 16h. The reaction mixture, was poured into 
aqueous sodium bicarbonate solution and extracted into dichloromethane. 
The combined organic solutions were dried over magnesium sulphate, 
. • ; filtered and concentrated and the residue was purified by column 
.15 chromatography over silica gel m 1% methanoVdichloromethane to afford 
8-[4-(AT-benzyl)piperidniyloxy]-l,3-di(cydopropylmethyl)-7^ 
methoxybenzyl)xantbine (0,36g, 76%). 6 (CDCI3) 0.43-0.48 (8H,m), 1.26- 
1.32 (2H^n), l v 86-1.94 (2H,m). 2.03-2.09 (2H,m), 2.35,2.41 (2H,m), 2.66 
. (2H^n), 3.54 (2H,s),3.78 (3H,s), 3.87 (2H, d J=11.82Hz), 3.90 (2H, d 
20 J=11.5Hz), 5.00-5.211 41H,m)j 5.20 (2H,s), 6.85 (2H, d J=8.79Hz), 7.26-7.39 
(5H,m) and 7.42 [(2R, d J=8.8Hz). ^ Accurate Mass: Found 569.2919. 
C 33 H 39N5P4 req^res 569-3002. , 

The maleate salt was prepared and recrystallised from 
25 methanol/diisopropyl ether to afford the pure material as a white solid mp 
160-161°C. 



Found: C, 64.71; H, 6.42; N, 9.93. C37H 43 0 8 N5 requires C, 64.80; H, 
6.32; N, 10.21%. 
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Example 23 

-;~ Diethyl &-rr.3-di(cvr1oprnTivl^^ 

vllmalonate . ? ' : ^ 




Sodium hydride (1.48g of k 50% suspension in oil, 37 mmol) was added 
portionwiseto a solution of diethyl malonate (5>4g, 34 mmol) in anhydrous 
10 IMSO '(76 ml) and stirring continued for lh at ambient temperature. 8- * 
Chl6n>^l,3-dite^ 

mfr^ Etnd Qie : iie&6tibtt mi>ft^ was heated to 80 °C. After 16h 

■'. tHe solution was dlowed to ^ot^ 

etiiyr acetate. The combined oi^anic extracts were dried over magnesium 
w 15 sulphate; filtered and concentrated ; uhH^ The residue 

vtas purified by column chromatography over silica gel in 0.5% 
mfethaLnbl/dicWoromethane to afford diethyl 8-[ly3-di(cydopn>pylmethyl)- 
7<4-methoxybenzyl)^thinyl]m m.p. 134-135°C 5 

x " ; ' XCDtfl^): 0.39-0.50-<8Hi), l^^UJ^M^^l (2H, m), 3.77 (3H, s), 
20 3.92 (2^, d, m), 4.79 (1H, s), 

; 5.52 (^ 3% 6.85 (2S; a/J^Hzj; 7L13 (SH; d; J^8;8Hz)l Found: C, 62.40; 
H, 6.39; N, 10.35. 0^34^465^^^ 0, 62.40; H, 6- 30; N, 10.4% 

'; ; ... -i • cr \ iv-'Ts,<;-:fn' M ; ;*.(;;,•. .;.T".- 
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Procedure 1 

1.3-Di-cvcloproDvlmethvl>8>nitro xanthine 

5 l t 3-Dircycl6propylmethyl xanthine (20g, 0.076mol) was dissolved in acetic 
acid (33xol) and. then treated with concentrated nitric acid (13.2g) at 87°C, 
. After 1 hour, , the mixture was cooled to 5?C and the resulting yellow 
" precipitate filtered off. The yellbw crystal^ were;dissolve,d in 

dichlorome thane and washed with w^tey : : The separated organic layer 
10 was then dried over anhydroua-sochum 

vacuo. The produrt^cryptalKzed from the concentrate tq yield a yellow 
Y crystalline prpductiyiiald 12.2g,t(56.5%), m.p. 207°O (with decomposition),: 
lHNMR(CDCl 3 ):r t ; • ]■ 

15 ppm: 0.35-0.7 (m, 8H), 1.1 -1.7 (m, 2H), 3.95-4.2 (in, 4H), 9.0-11,0 (br. 
... exchanges with P20i 1H). / 

Procedure 2 

20 1.3-Di-cvclopropvlmethvl-8-amino xanthine 

l,3-Di-cydopropylmethyl-8-iritro xanthine (4g, 0,014mol), suspended in 
50ml of concentrated hydrochloric acid, was treated with small portions of 
tin (8g) at room temperature. The mixture was then stirred at room 
25 temperature for two hours. 

The resulting precipitate was filtered off and crystallised from ethahol to 
give white crystals of the title product, yield 0.9g (23%), m.p. 281°C. 

30 In an alternative procedure, using sodium dithionite as reducing agent (in 
methanol-water mixture). The yield was 36% (compare Example 13). 

*H NMR (CDCI3): 

35 ppm: 0.3-0.6 (m,8H), 1.0-1.6 (m,2H), 3.7-4.0 (m,4H), 5.75 (br,2H), 10.84 
(br. exchanges with D20, 1H). 
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8-Chloro- 1 .3-dif cvclopropvlmethvDxanthine 

l,3-Di(cyclopropylmethyl)-8-nitroxanthine (50g, 164mmol) was dissolved 
5 in dry dimethylfonnamide (300ml) anif to this phosphorus oxychloride 
(50ml, 536mmol) was added 'dropwise witkcantionvGAfter 16h, the 
• ••• reactibn mixture was poured onto ice' and the precipitate was collected and 
washedwith water. The solid was 'dissolved in dichloromethane, and 
<dried (MgSO^i The sblutibn was filtered and concentrated and the crude 
10 product was recrystallised from ethyl aceiate/hexane to afford 
: 1 • 8-cMbro-l',3-dd(cyclopropylm^^ 64%) as a white 

crystalline solid. *H NMR (CDGl3/DMS©*d6) d 0.40-0.53 (8H, m), 1.31 
(2H, m), 2.76 (1H, br.s), 3.89 (2H, d, J = 7 i 15Hz), : 3.94 (2H, d, J = 7.42Hz); 
max (KBr) 3438(s), 1707(s), 1648(s), 1601(m), 1545(s), and 1465(s) cm- 1 ; 
■15 m/e 294 (40%, M+X 55 (100) .-' » >■■■ -:.- : <" 

Found: C, 52.97; H, 5.04; N, 19.02. C13H15N4GIO2 requires C, 52.97; H, 
5.09; N, 19.01%. 
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PHARMACOLOGTCAT, DATA 

1) Induction of blood eosinophilia and the effects of drugs. 

5 Animals 

— :: * v ' . : x r "^ ' s " -v V - • : \ - v -v* ■>"••. 
Male Charles River Sprague Dawley rats weighing^between 270 to 400g 
were used. :• 



10 



The method used was a modification of that described by Laycock et al 
(Intl Arch, Appl. Immunol; (1986): SL 363). 



Sephadex G200, particle size 40 to 120 micron, was suspended in isotonic 
saline at 0.5mg/ml, and stored for 48h at 4°C. 1ml of the suspension was 

15 given intravenously to rats on days 0,2 and 5. , A -cb.utrpl group received 
saline. The test compound was given before the Sephadex on each 
occasion, with a contact time expected to give maximum activity at the 
time of the Sephadex administration. Blood was taken from the tail vein 
of the xats on day 7 for the determination of total andxfifferential 

20 leucocyte counts. 

A control group of at least 6 animals was included each time a compound 
was evaluated. The control group received Sephadex and the vehicle 
without test compound. The results in the drug treated animals were 
25 compared with the control group. 

Total and differential leucocyte counts. 

20ml samples of blood, taken from the tail vein of the rats, were added to 
30 10ml of Isoton II and, within 30min, Zaponin (3 drops) was added, to lyse 
the erythrocytes. Five minutes later the total cell count was determined 
using a Coulter Counter Model DN. Differential leucocyte counts were 
carried out by fixing and staining a blood smear on a microscopic slide 
with May-Grunwald and Giemsa stains. A minimum of 400 cells were 
35 counted on each slide. 
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Statistics \i . .; T \ 

Probability values were calculated using the Student's t test. 

The effect of the test compound upon Sephadex induced eosinophilia in 
the rat is -set out below. The test compound was given orally 30 minutes 
before each injection of Sephadex. 



io 



Test 

Compound 



Vehicle dosed - 
control * ■ 
* sephadex i.v 

- au. :.. r 

4 Negative coritrol 
saline i.v. 



Dosemg/kg i v f i 
(orally -30 mins) 

'. .... •:. ' ■* . . ':1V*. *:r • ' 



% of Control 
Mean±SEM 

Inslfi- 

,100 ± 13 



; .va^.r* v'i. r : r-'ii vil v -y^b :14 ± 1 *** 



Example 2 
Example 3 



/10 
20 



49 ± 13* 
60+ 12* 



Notes 



• ?.-.** j ■ : 



* p<0.05 
15 *** p< 0.001 
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2) Inhibition of Phosphodiesterase 
Isolation of phosphodi esterases 

5 The Ca 2+ /calmodulin-stimulated PDE (PDE I, see Table 1 and Beavo and 
Reifsynder (1990) For nomenclature) was prepared from bovine cardiac 
ventricle. Following chromatography on a Mono Q column, the fractions 
showing stimulation of PDE activity by Ca 2 * and calmodulin were pooled 
and further purified on a caliiodulin-affinity column.: cGMP-stimulated 
10 PDE (PDE II), cGMP-inhibited PDE (PDE IE) and cAMP-sperific PDE 
1 (PDE IV) were all isolated from guinea-pig cardiac ventricle. Initial 
^ ^dmatography©a a 20 ml Mono Q column resolved PDE III from a peak 
that contained bbtfi PDE^il iand PDE IV. The latter were separately 
rechromatogrstphedon a 1 inl Mono Q column.- cGMP-selective PDE (PDE 
-15 V) was obtained from porcine lung using chromatography on DEAE- 

cellulose and Moiio Q (fcluinns; a calmodulin-^affinity column was used to 
iremoveresW^ 

Characterise^ 

20 " v. • r . •< ' .V . 

With thb excfcptioii of PDE EE, which displayed positive cboperativity, all 
the preparations shdjtfed simple Michaelis-Menton kinetics (see Table 1). 

PDE I The activity of this isoenzyme was stimulated by the Ca^+- 
25 calmodulin coiiiplex. The isoenzyme tould hydrplyse both cAMP 

;and cGMP? the latter was the preferred substrate; 

PDE H The activity of this isoenzyme with cAMP JaS a Substrate was 

stimulated by cGMP. The isoenzyme could hydrolyse both cAMP 
30 : ajid cGMP, the latter was the preferred substrate under basal 

conditions. The activity of this isoenzyme was unaffected by the 
Ca2+-calmodulin complex. 

PDEIH The activity of this isoenzyme with cAMP as a substrate was 
35 inhibited by cGMP. The isoenzyme could hydrolyse both cAMP 

5 and cGMP, the former was the preferred substrate. The activity 
-of this isoenzyme was unaffected by the Ca?+ 'calmodulin 
complex. 
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PDE IV This isoenzyme had high affinity for cAMP, the hydrolysis of 
which was not inhibited by cGMP. The activity of this 
isoenzyme was unaffected by the Ca2-calmodulin complex. 

PDE V :\ This isoenzyme*** high affinity for cGMP. ?he activity of this 
) isoenzyme was unaffected by the Ga2+-calmpdulin complex. 

Assay of phosphodiesterase activity : - : j 

'. 10/ : . c . , :-. ' •: • , ;■ . : 

V PDE activity was assayed by the borqnate column* method as previously 
described (Reeves et. al./ 1987;^ 
•;\afc37°C for 4-30 min. anSOtiA£.TOi; S.ipM-Mga^* pH 7- 5 ^th 3 H- 
labelled cyclic nucleotide (4.x 10§ disintegrations min "1) and ^-labelled 
15 nucleotide 5Vmonophosphate.(3 x 1Q3 7 disintegrations min" 1 ). The assay 
. was stopped by boiling and the **H-labelled 5 ^monophosphate product 
separated from substrate on hprohate, columns; The reaction mixture was 
diluted with 0.5 mL 100 mM HEPES 

[N-(2-hydroxyetiiyl)p^^ 100 mM NaCl, 

20 pH 8.5, and applied to the column. The column was extensively washed 
. : - with the same buffer, and the S'-nudedtide feluted with 6 mL of 0.25 M 
; ' acetic add. The recovery of product as judged by 14 C-recovery was 

approximately 80%. All assays were linear with time of incubation and 
concentration of enzyme oyer v the range,use<J in these experiments. 
.25 IG50 values (the concentration of inhibitor required for 50% inhibition of 
activity) were obtained byincubafcion of theisoenzyme using 1 mM cGMP 
as a substrate for PDE I (in the absence of Ca 2+ and calmodulin), PDE II 
;-- ' and PDE V, and with .1 1^ cAMP as a wb^trate for PDE III and PDE IV. 

30 A range of inhibitoTiCOhcentrations frttcrivQil x IC50 to 100 x IC50 was 
used . ■'■rr-j -\ vsi'" .zi'uh&it^ 
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Table 1 : Kinetic properties of phosphodiesterase isoenzymes 



Isoenzyme 



I. Ca2+/calmpdulin- 

stimulated 
XL cGMP^stimulated 
EH. cGMP-inniBited 

IV. cAMP -specific 

V. cGMP-speafic 



■*: Km(uM) 
cAMP cGMP 

36 5 



45-' 

0.5 

2 
> 



14" 
-0 :1 
> 

-""'I 



VmaxcAMP 
Vmax cGMP 

. f 

5 

1 

; .5- 
n.d. 
N.d. 



a enzyme displayed positive cooperativity / -*"" 
> . Km> 10©nlM - T • "<Urv- : >•> *?£ 

10 n.<L not determined, due to inability of PDE to hydrolyse one of the 
substrates. .... ■::.>. " 



RESULTS 



Example 

.No, >■ ■ ■■>._. 

r.:-v. .-i 

2 



- ? PB.iy^ ... . PDE : V;..j. 

IG 5G <uM) : , IC 50 (|iM): 



• 7,0 
3.0 
17 
2.0. 

. 0.8 



0.8 r ^ 
1 

20.0 
0.1 
0.08 



15 
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Claims 



. 1.. ... . A compound of formula (1): . 




or, if appropriate, a pharmaceutically ac^pt^le salt thereof; or a 
pharmaceutical^ acceptable solvate thereof, wherein R* and each 
independently represent a moiety of fornjulfi (a): r 

-CCH2WA (a), . 

wherein m represents zero or an integer !, 2 or 3 and A represents a 
substituted or unsubstituted cyclic hydrpAarfeqQ radical; 

20 ? . R3 represents NOjj, a halogen atom, a hydroxy group,an alkoxy group or a 
methyl group substituted with 1 or 2 group^of formula CO2R wherein R 
in each group is independently hydrogen or alkyl or a group of formula 
0-L-A1 wherein L is a bond or a linking group and A* is a saturated or 
unsaturated heterocyclic group, or R^ represents a group of formula 

25 NR s R fc wherein R s and R* each independently represent hydrogen, alkyl, 
; aralkyl, an unsaturated hetero 
mitogen to which they are attached form an unsaturated heterocyclic 
group; and 

R4 represents an alkyl, aralkyl or an (unsaturated heterocyclyDalkyi 
30 group. 

2. A compound according to claim 1, wherein A represents a 
substituted or unsubstituted C3.8 cycloalkyl group. 

35 3. A compound according to claim 1 or claim 2, wherein A represents 
an unsubstituted cyclopropyl, cyciobutyl, cyclopentyl or cyclohexyl group. 
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4. A compound according to any one of claims 1 to 3, wherein A 
represents a cyclopropyl group. . 

5. A compound according to any one of claims 1 to 4, wherein R^ 
5- i represents nitro, ahalogen atom, an alkoxy group, or a group NR S R* 

wherein R s and R^ each independently represent hydrogen or alkyL 

6. A compound according to any one of claims 1 to 5, wherein R^ 
■ . represents NH2, y- ''^..:> ■ ~ ■ «• -H"-i- 

10 

- ** * 

7. A compound according to any one of claims 1 to 6, wherein R 4 is an 
alkyl or aralkyl group, : / ; ^ , , r ^ 

8. , ■ t . A compoimd,^^^^ to any one of claiqis 1 to 7, wherein R 4 
15 represents benzyl. 

9. A compound according to rlgfm 1, selected from the group consisting 

20 8-ammo-74)en^l-l^^ ■/ • ? 

8-amino-l,3-di(<yclopropyl^ 
8-amino-l*3-<fi(cyclopropyhne 

25 

l,3-di(<ydop*opy]me^ 

8-dlloi^l f 3^4<yclopropylm 

30 l,3Htt(<ydopropylmethyl>^ r-: 

8-amiRo-l^di^^ 

l,3^(<ydopropylmefoyl)-7^^ 
35 xanthine; 

l,3-di(cydopropylmethyl)-7^4-^^^ 
xanthine; 
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8^hloro-l,3-di(<ydopropylmethyl)-7-(3 pyridybiethyl)xanthine 
hydrochloride; 

5 8-cUoro-l,3KU(<ydopropylmethyl^^ 

8-amiiio« 1 t 3-dif cycloprnpylmethyl V7-(2-ni trahenTyl )va n tlii n o. 

l,3-di(<yclopropyime&yl)-8^ 
10 xanthine; 

8-cMoro-l,3-di(cydopropyImethyl)-7^4^^ * - 

8-aminOri,3Hii(<yd^ 

15 •-' . -.;..:<■ • . . 

8-chloro-l,3-di(cydopropylmethyl)-7-(l-naphthylme 

* r * ■ .•• / : . . J .. * • * ./..;.- •'*.:<•.' ■ • ; 

8-amino-l,3^ii(<ydopropylm 

20 l,3^(<ydoprojpylme^ 

piperizinyl]ethoxy)ethoxy]xanthine; 

l,3-<K(<^opropyImethyl)-7^4-met^ 
yloxy)xanthine maleate; •"" ■ ■ • ; 

25 - 
4-[4^8^[li3^(<ydopropylmethyI^ 
yloxy]piperidinyl)]-4-oxo-butanoic add; 

844^4>en^l)piperidinyloxy^^ 
30 irathbx^ehzj^ 

diethyl 8-[l,3-di(<ycloprbpylm^ 

yljmalonate; or if appropriate a pharmaceutically acceptable salt thereof; 
or a pharmaceutically acceptable solvate thereof. 

35 

10. A process for the preparation of a compound of formula (I); or where 
appropriate, a pharmaceutically acceptable salt thereof; or-a 
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pharmaceutical^ acceptable solvate thereof; which process comprises 
reacting a: compe und of formula^ (H): - • - * / 




wherein R^ represent^ 
group convertible to Rl and R 2a ^^ 

formula (D, or a group convertible thereto and R^ a represents R3 as 
15 defirted in relation ^ 

^ ^ compound of fdimida (II3): .v. v ■ : • - : s/v - 

R4-L 1 ^ >• ' ; m (HI) 

20 wherein R4 is as defined in relation to formula (I) and lA represents a 
leavirig-group; and thereailfcfer^if re^ out one or more of the 

following optional s&psi '\ 

(i) converting any group R* a to ahd/or R?a to R? and/or R^ a to R3; 

25 

(ii) converting a compound of formula (I) into a further compound of 
formula (I); 

(iii) converting a compound of formula (I) into a pharmaceutically 

30 acceptable salt thereof, or a pharmaceutically acceptable solvate thereof. 

11. A pharmaceutical composition comprising a compound of formula 
CD; or where appropriate a pharmaceutically acceptable salt thereof; or a 
pharmaceutically acceptable solvate thereof, and a pharmaceutically 
35 acceptable carrier. 
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12. A compound of formula (D; or where appropriate a. 
pharmaceutically acceptable salt thereof; or a pharmaceuticaUy acceptable 
solvate thereof, for use as an active therapeutic substance. 

13. A compound of formula (I); or where appropriate a 
pharmaceutically acceptable salt thereof; or a pharmaceutically acceptable 
solvate thereof, for use in the treatment of and/or prophylaxis of disorders 
associated with increased numbers of eosinophils, and allergic disorders 
associated with atopy. 



14. A compound of formula (I); or where appropriate a 
phartnaceutically acceptable salt thereof, or a pharmaceutically acceptable 
solvate thereof, for use as a phosphodiesterase inhibitor. 

15 15. \ The use of a compound of formula (I); or where appropriate a s , 

pharmaceutically acceptable salt thereof; or a pharmaceutically acceptable 
solvate thereof, for the manufacture of a medicament for the treatment of 
and/or prophylaxis of disorders associated with increased numbers of 
eosinophils, and allergic disorders associated with atopy. 



16. ■■: The use of a compound of ^foinmu^^^rQr wl^rp appropriate a 
pharmaceutically acceptable salt thereof; or a pharmaceutically acceptable 
solvate thereof for the manufacture of a medicament for use as a 
phosphodiesterase inhibitor. 



25 
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